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Abstract
Background: The functional independence measure (FIM) is one of the most important assessment instruments for motor and cognitive dependence in rehabilitation medicine; however, there is little data about its confirmatory factor analysis (CFA) and ceiling/floor effects from other countries and also in Iranian patients.
Objectives: The aim of this study was to evaluate a two-factor model (motor and cognitive independence as latent variables) and ceiling/floor effects for FIM in Iranian patients with traumatic brain injuries (TBI).
Patients and Methods: In this cross-sectional study, 185 subacute TBI patients were selected from emergency and neurosurgery departments of Poursina Hospital (the largest trauma hospital in northern Iran, Rasht) using the consecutive sampling method and were assessed for functional independence.
Results: The results of this study showed that the floor effect was not observed; however, ceiling effects were observed for the FIM total score and its subscales. The confirmatory factor analysis showed that the chi-square/df ratio was 2.8 for the two-factor structure and the fit indices for this structural model including root mean square error of approximation (RMSEA) = 0.099, normed fit index (NFI) = 0.96, tucker lewis index (TLI) = 0.97, comparative fit index (CFI) = 0.97 were close to standard indices.
Conclusions: Although ceiling effects should be considered for rehabilitation targets, the two-factor model of FIM (motor and cognitive independence) has an eligible fitness for Iranian patients with TBI.
Keywords: Traumatic Brain Injury, Confirmatory Factor Analysis, Disability Evaluation
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1. BackgroundTraumatic brain injury (TBI) is one of the leading causes of death and long-term disability, especially in young adults (1). Traumatic brain injury survivors often suffer from high levels of physical disabilities, and cognitive and behavioral disorders, which se-verely affect their quality of life (2). These patients are often referred to rehabilitation centers so as to reduce morbidity, to improve functional outcomes, such as daily activities and to facilitate the transition from medical centers to home environment and ac-cess to self-care (3).Lifetime costs of care for TBI victims are high and the influence of an effective treatment for this devastating disorder is economically remarkable not only for pa-tient's family but also for society and health care sys-tem (4). Thus, the main goal of new treatment and in-terventions is to reduce disability of TBI patients and it is clear that clinicians, researchers and health system 
planners need instruments by which they can evalu-ate the effectiveness of care interventions in patients who may be sensitive to a variety of deficits, which typically create functional disabilities in TBI patients. One of the most widely accepted tools for measuring outcome and disability in hospitalized patients and those referred to rehabilitation centers is functional independence measure (FIM). The functional indepen-dence measure is the most useful instrument for mea-suring the patients’ performance and effectiveness of rehabilitation program, which evaluates the daily activities extensively covering cognitive and motor domains (5).This instrument was devised to solve the problem of long-term absence of a single method of disability as-sessment and thus creating unified data based on reha-bilitation outcome. The functional independence mea-sure is a product of studies by American Association 
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of Rehabilitation Medicine and Physical Medicine and Rehabilitation Academy of America (6). This scale has 18 items (13 motor, 5 cognitive). For its grading, a multi-disciplinary team observed the patient's function at 18 activities and evaluated the ability of patient for each activity from 1 to 7, where 7 indicates complete indepen-dence or normal functioning score and 1 indicates com-plete dependence or needing help with all activities of daily living. The difference between the scores of total rated 18 items ranged from 18 (complete dependence) to 126 (complete independence). The functional inde-pendence measure can be used successfully in rehabili-tation centers, hospitals, clinics, nursing homes and private care centers during the admission or patients’ discharge (6, 7).In instruments associated with outcome measure-ment in rehabilitation, identifying items with ceiling and floor effects is important; such items indicate activi-ties that have little variability among patients. On FIM, Stineman and colleagues (8) suggested that such items could not be expected to contribute to the properties of the FIM, nor did they enhance the predictive value of its subscales. Kohler and colleagues (9) also examined pa-tients who were transferred to other departments from a rehabilitation center and found that all cognitive FIM items and “eating” item in the motor subscale had a ceil-ing effect.Traumatic brain injuries caused by traffic accidents have increased remarkably in Iran in recent years (10). However, regarding the developments in emergency measures and treatment of neurosurgery, there has been an increase in the survival rate of TBI victims. Therefore, introducing the Persian version of an in-strument seems to be necessary for rehabilitation in-terventions and examining the outcomes. Cognitive and motor deficits after TBI are the two more common outcomes (11, 12) and two key objectives for rehabili-tation (13, 14). Although conducted studies to exam-ine the FIM factor structure showed that this scale is multi-factorial in nature (15), factor analysis studies concluded that FIM had a two-dimensional construct, which was determined by cognitive and motor do-mains (8). Thus, FIM can well measure motor and cog-nitive deficits in rehabilitation settings. Though, all studies related to factor structure consistently found that FIM cognitive subscale has one-dimensional con-struct, and any other adjunct factors, were related to motor FIM (16).
2. ObjectivesThis study aimed to evaluate the ceiling and floor ef-fects for FIM, and to determine the dimensionality of FIM with two motor and cognitive independence fac-tors in TBI patients referred to Poursina Hospital in Rasht city, Iran.
3. Patients and Methods
3.1. ProcedureIn this cross-sectional study, 185 patients were se-lected from the emergency and neurosurgery depart-ments of Poursina Hospital in Rasht City (the largest trauma hospital in northern Iran) using the consecu-tive sampling from 2011 to 2012. Based on the diagno-sis of a neurosurgeon or emergency medicine physi-cian, the FIM was conducted by two trained senior nurses.
3.2. Training of the Raters and Translation of the Functional Independence MeasureTwo trained senior nurses referred to emergency and neurosurgery departments at the hospital for daily sampling. Before sampling, each of these nurses partic-ipated in a 5-session training course at least for 15 hours about the effects of TBI on cognition and motor skill of patients, reliability and validity of tests, familiarization and conducting the task and scoring and interpreting FIM scores in Guilan Road Trauma Research Center of Guilan University of Medical Sciences. To translate FIM, first its English version was rendered into Persian by two researchers and then separately translated from Persian into English by two English translators. Then, the four translated versions were compiled and the final version of Persian FIM was designed. To examine the content validity and applicability of the Persian ver-sion for TBI patients, two neurologists, four nurse re-searchers, one neurosurgeon and one anesthesiologist at Guilan University of Medical Sciences were asked for their comments. After that, the original Persian FIM was prepared.
3.3. Eligibility and RecruitmentThe inclusion criteria, according to a neurosurgeon diagnosis, were as follows: age ≥ 16 years, Glasgow Coma Scale (GCS) < 15, focal or diffuse damage to brain tissue caused by an external mechanical force, loss of consciousness (LOC) for more than 1 minute, length of posttraumatic amnesia (PTA) over 20 minutes, radio-graphic or computerized tomography (CT) scan find-ings showing TBI (skull fractures, intracranial bleed-ing or brain acute abnormalities), and hospitalization of less than one week. Exclusion criteria were patients with clinical or radiological findings manifesting spi-nal cord injury, any neurological disease before TBI or brain injury with nontraumatic origin (brain tumors, stroke, aneurism and other cerebrovascular accidents), patients with vegetative state or severe loss of con-sciousness so that they were unable to answer, move-ment or balance disorders, arthritis, knee and joint 
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fractures before TBI, patients who were not satisfied to enter the study for any reason and those who had hos-pitalized for more than one week. This study was ap-proved by the research ethics committee of Poursina Hospital in Rasht. At the beginning of evaluating the TBI patients, the participants were informed about the reasons and procedure of the study. They were assured that their information would be confidential and they can withdraw from the study at any time. First, an in-formed consent was obtained from all participants or their legal caregivers and assessments were then per-formed.
3.4. Statistical AnalysisIn this study, to describe the data, descriptive statis-tical parameters such as frequency, percentage, Mean and Standard Deviation were used. Ceiling and floor effects (a percentage of the sample, which takes the lowest and the highest scores) indicate the extent to which score clusters are located at the bottom or top of the scale range. Ideally, the observed scores of a scale should be placed in the whole range of the scale. The average score should be close to the midpoint of the scale, having the small ceiling and floor effects. McHorney and Tarlov (17) have suggested that ceil-ing and floor effects should be lower than 15%. All the statistical analyses were performed by a significance level of less than P < 0.05 using the PASW® software (version 22).Furthermore, to study the current two-factor struc-ture of FIM (motor and cognitive), confirmatory fac-tor analysis (CFA) was used with maximum likelihood by Amos software (version 21.0). Confirmatory factor analysis seeks to answer the question that assumed or anticipated relationships among variables, “to what ex-tent the observed relationships are consistent with real data?” If two correlation matrices (the assumed corre-lation matrix and the proposed correlation matrix to be derived from actual data) are consistent with each other, the proposed model would be a valid explana-tion for the hypothesized relationships (18). Structural equation modeling approach was used to determine the sample size for CFA, which was proposed by Kline (19). A sample of 180 was acceptable at 10:1 ratio subjects for each 1 item). Given that the 18 items of FIM were in-cluded in this analysis, thus 180 patients are needed, 185 patients were sampled until complete sample size (but 5 questionnaires was incomplete).
4. Results
4.1. Demographic Data of the ParticipantsIn the subacute phase, 185 TBI patients in the age range 
of 16 to 85 years (mean age 37.45 ± 17.42) were partici-pated in the study. These patients were hospitalized in emergency department and neurosurgery section for approximately 48 and 96 hours (2 and 4 days), respec-tively. The average education level of these patients was 7.31 ± 4.49 years in a range between 0 to 16 years. Table 1 shows the findings of demographic and clinical vari-ables of the TBI patients.
4.2. Confirmatory Factor AnalysisA confirmatory factor analysis was performed on covariance matrix of motor and cognitive FIM items. Model parameters were estimated using maximum likelihood. The reference model tested in this study included 18 items, which were loaded on two FIM la-tent factors. In this model, all covariances between the measurement errors of observed variables (indicator) were fixed. The results were shown in Table 2. As fit in-dices indicated, this hypothesized model did not fit the data well (reference model). With more investigation of FIM items found that some of them were similar and particularly representative of self-care skills (for example, items 2 to 6). By investigating Amos modifica-tion indices, specific error covariance terms were freed consecutively; which means that after freeing the er-ror covariance between certain items, the fit indices were examined to answer this question: “Have they im-proved the model?”As seen in Table 2, by freeing 12 error covariance terms between items, the model’s fitness was signifi-cantly improved. Through sequentially incorporating error covariance terms inside the model, a consistent fitness was obtained conformed to a two-factor struc-ture for FIM (see Model 12 in Table 2). Comparing fit indices between the reference model and last modi-fied model (chi-square/df, RMSEA, NFI, TLI, CFI, AIC) re-flects that the modified two-factor model has the best overall fitness to the data in FIM motor and cognitive subscales in Iranian TBI patients (chi-square/df = 2.8, RMSEA = 0.099, NFI = 0.96, TLI = 0.97, CFI = 0.97). The final model of the FIM two-factor analysis is presented in Figure 1.
4.3. Floor and Ceiling Effect Table 3 shows the results of the Mean, Standard De-viation, and floor and ceiling effects for each item. Also, total FIM and motor and cognitive subscales are presented.As seen in Table 3, in total score, subscales and each of FIM items, the floor effect was not observed; however, the ceiling effect in the total score, subscales (motor and cog-nitive) and the items of eating, bowl, bladder, compre-hension, expression, social interaction, problem solving and memory were observed.
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Table 1. Demographic and Clinical Characteristics in Patients with Traumatic Brain Injurya
Variables Valuesb
GenderMen 171 (92.4)women 14 (7.6)
Marital statusSingle 66 (35.7)Married 118 (63.8)Unknown 1 (0.5)
Admission GCS8 or less 19 (10.3)9 to 12 21 (11.3)13 to 15 145 (78.4)
Discharge GCS8 or less 4 (2.2)9 to 12 9 (4.8)13 to 15 173 (93)
Cause of TBIAccident 27 (14.7)Motorcycle 91 (49.2)Pedestrian 15 (8.1)Fall 16 (8.6)Violence 5 (2.7)Hit the object 11 (5.9)Backfall 18 (9.7)Cycling 1 (0.5)Unknown 1 (0.5)
Skull fractureNo 118 (63.8)Linear 47 (25.4)Depressed 16 (8.6)Basilar 2 (1.1)Synthetic 1 (0.5)Unknown 1 (0.5)
Hemisphere lesion No 20 (10.8)Left 59 (31.9)Right 78 (42.2)Bilateral 25 (13.5)Unknown 3 (1.6)
Lesion locationNo 17 (9.2)Frontal 49 (26.5)Temporal 54 (29.2)Parietal 15 (8.1)The Series 10 (5.4)Multiple locations 36 (19.5)Unknown 4 (2.2)aAbbreviations: GCS, glasgow coma score; TBI, traumatic brain injury.bValues are presented as No. (%).
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Table 2. Model Fit Indices for Two-Factor Solution of the Functional Independence Measure in Iranian Patients With Traumatic Brain Injury a
Model
Free Param
eters
χ 2
df
χ 2/df
RMSEA (90% Confidence Interval)
NFI
TLI
CFI
AIC
P Value
Reference
Diagonal error covariance
2023.6
134
15.1
0.277 (0.266 - 0.288)
0.77
0.75
0.78
2097.6
0.0001
1
Error covariance 4 <--> 5 = free1470.5
133
11.1
0.234 (0.223 - 0.245)
0.83
0.82
0.84
1546.5
0.0001
2
MI value less than above, cova-
riance 2 <--> 3 = free
1083.4
132
8.2
0.198 (0.187 - 0.209)
0.88
0.87
0.89
1161.4
0.0001
3
MI value less than above, Error 
covariance 12 <--> 13 = free
818.8
131
6.2
0.169 (0.158 - 0.180)
0.91
0.91
0.92
898.8
0.0001
4 
MI value less than above, Error 
covariance 7 <--> 8 = free
592.9
130
4.5
0.139 (0.128 - 0.151)
0.93
0.94
0.95
674.9
0.0001
5
MI value less than above, Error 
covariance 3 <--> 5 = free
592.9
129
4.5
0.140 (0.129 - 0.151)
0.93
0.94
0.95
676.8
0.0001
6 
MI value less than above covari-
ance 3 <--> 4 = free
573.1
128
4.4
0.137 (0.126 - 0.149)
0.93
0.94
0.95
659.1
0.0001
7
MI value less than above, Error 
covariance 2 <--> 5 = free
569.1
127
4.4
0.138 (0.126 - 0.149)
0.93
0.94
0.95
657.4
0.0001
8
MI value less than above, Error 
covariance 2 <--> 4 = free
444.9
126
3.5
0.117 (0.106 - 0.129)
0.95
0.95
0.96
534.9
0.0001
9
MI value less than above, Error 
covariance 3 <--> 6 = free
435.9
125
3.4
0.116 (0.104 - 0.128)
0.95
0.96
0.96
527.9
0.0001
10
MI value less than above, Error 
covariance 2 <--> 6 = free
417.5
124
3.3
0.113 (0.102 - 0.126)
0.95
0.96
0.97
511.5
0.0001
11
MI value less than above, Error 
covariance 5 <--> 6 = free
411.8
123
3.3
0.113 (0.101 - 0.125)
0.95
0.96
0.97
507.8
0.0001
12
MI value less than above, Error 
covariance 4 <--> 6 = free
342.7
122
2.8
0.099 (0.087 - 0.112)
0.96
0.97
0.97
440.7
0.0001
aAbbreviations: AIC, akaike information criterion; CFI, comparative fit index; MI, modification index; NFI, normed fit index; RMSEA, root mean square error of approximation; TLI, tucker-lewis index.
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Figure 1. The Final Model for the Two-Factor Solution in Iranian Patients With Traumatic Brain Injury
Table 3. Mean, Standard Deviation, Floor and Ceiling Effects for Functional Independence Measure Items and Subscalesa
Valuesb Floor Effect, %c Ceiling Effect, %d
Items1. Eating 5.07 ± 1.67 6 (3.24) 59 (31.9)2. Grooming 4.31 ± 1.65 10 (5.40 ) 26 (14 )3. Bathing 4.25 ± 1.61 10 (5.40) 22 (11.9 )4. Dressing–Upper 4.35 ± 1.57 9 (4.86) 25 (13.5 )5. Dressing–Lower 4.32 ± 1.57 9 (4.86) 23 (12.4 )6. Toileting 4.10 ± 1.62 10 (5.40) 23(12.4 )7. Bladder 6.47 ± 1.46 10 (5.40) 152(82.2 )8. Bowel 6.61 ± 1.41 9 (4.86) 170(91.9 )9. Bed/Chair/Wheelchair 3.96 ± 1.59 10 (5.40) 19(10.3 )10. Bath/Shower 3.96 ± 1.58 10 (5.40) 19(10.3 )11. Toilet 3.95 ± 1.58 10 (5.40) 18(9.7 )12. Walk/Wheelchair 3.88 ± 1.60 10 (5.40) 18(9.7 )13. Stairs 3.85 ± 1.61 10 (5.40) 18(9.7 )14. Comprehension 6.18 ± 1.65 9 (4.86) 131(70.8 )15. Expression 6.15 ± 1.76 12 (6.48) 135(73.0 )16. Social interaction 6.06 ± 1.70 9 (4.86) 123(66.5 )17. Problem solving 5.89 ± 1.81 12 (4.48) 117(63.2)18. Memory 5.91 ± 1.75 11(5.94) 109(58.9)
FIM total 89.35 ± 24.97 10 (5.40)e 39(21.1)e
Motor subscale 59.14 ± 18.41 9 (4.86)f 32(17.3)f
Cognitive subscale 30.20 ± 8.50 12 ( 6.48)g 133(71.9)gaAbbreviation: FIM, functional independence measure.bValues are presented as mean ± SD.cNumber of people with score 1.dNumber of people with score 7.eFloor and ceiling effects of FIM total (15% lower and upper distribution of scores).fFloor and ceiling effects of motor subscale (15% lower and upper distribution of scores).gfloor and ceiling effects of cognitive subscale (15% lower and upper distribution of scores).
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5. DiscussionThe present study examined the two-factor pattern of FIM and its ceiling/floor effects in Iranian patients with TBI. The rate of accident is high in Iran and currently new atten-tions have been made to cognitive and motor outcomes in these victims that the most of whom have TBI (20). Thus, introducing and translating an efficient tool that might be used in evaluating motor and cognitive outcomes and rehabilitation in these patients are necessary.In this study, while no floor effect was found in all items, total score and FIM subscales, but in line with the results of Kohler and colleagues (9) many patients showed a clear ceiling effect in five FIM cognitive items and as well as eating, bowel and bladder control items and FIM total score and its subscales (Table 3). Items with ceiling effects are generally representative of the activities in which ev-ery patient has a good functioning closely in a category of injury, and thus rehabilitation purposes may be less af-fected by the items. In this case, Cohen and Marino (21) have suggested that, compared with outpatient settings, FIM may be useful in inpatient settings.Different factor structures for FIM has been introduced (16), but these tools are often used for the assessment of motor and cognitive outcomes and rehabilitation in-tervention (20, 22), especially in TBI patients (20, 23). Ac-cording to the previous studies, the reference model in this study is consistent with the classification of motor (13 items) and cognitive (5 items) parts underwent CFA. However, the fit indices were far from acceptable stan-dards (chi-square/df = 15.1, RMSEA = 0.277, NFI = 0.77, TLI = 0.75, CFI = 0.78). This finding was not unexpected. Typi-cally, in CFA, the initial model cannot achieve a good fit (24), thus through a discovery process in accordance with the modification indices freed the 12 error covariance terms between FIM items (particularly items 2 to 6) (25) and thereupon the final model showed a good recovery (chi-square/df = 2.8, RMSEA = 0.099, NFI = 0.96, TLI = 0.97, CFI = 0.97). Comparing the results of the research litera-ture showed that so far no study has performed CFA on 18-item version of FIM in adults or TBI patient popula-tion. However, Park et al. (26) investigated the confirma-tory model of WeeFIM in Korean children with cerebral palsy and concluded that the one-factor model (18 items WeeFIM) and the two-factor (13 motor items and 5 cogni-tive items) had not enough fitness, but the three-factor WeeFIM model, including the factor of 6 self-care items (i.e. eating, grooming, dressing upper, dressing lower, bathing, and toileting), the factor of 7-item motor (i.e. bladder and bowel management, bed/chair/wheelchair, toilet, tub/shower, walk/wheelchair, and stairs) and the factor of 5-items cognitive (the 5 original items of cog-nitive domain) had fitness with WeeFIM data of cere-bral palsy children. As the content of covariate errors in this study and the results of Park et al. study (26) show, it can be withdrawn, “the latent self-care factor” which is nested within the FIM motor domain has tendency to 
appear in Iranian TBI patients. Results of factor analysis in this study repeat the motor and cognitive dimensions of FIM, which were first introduced by Linacre et al. (27) and Heinemann et al. (28). In World Health Organization, for the two-factor FIM as a state of physical, psychological and social well-being, there is a theoretical, clinical and statistical support.As seen in Figure 1, the FIM motor dimension showed a strong correlation with cognitive dimension and ex-cluding sphincter control items was significantly associ-ated with other physical items (path coefficients ≥ 0.76). In this model, bladder and bowel control items tend to show disproportionate levels of basic structure of motor FIM (path coefficients of 0.49 and 0.41, respectively) for TBI patients. Along with this result, Kucukdeveci and col-leagues (29) in a Rasch analysis in stroke and SCI patients also showed that bladder and bowel items breaks the integrity of the FIM motor subscale. This heterogeneity can be largely associated with the mismatch between the injury and the resulting disability. For example, some pa-tients with severe TBI are able to control urine and feces, while patients with mild to moderate TBI can have seri-ous inability to sphincter control. This does not necessar-ily indicate that the sphincter control items are poor, but as the values of GCS, and the various injuries associated with TBI in Table 1 can be due to the lack of homogeneous or dispersion in study population. In contrast to this in-equity in motor items, FIM cognitive dimension was fully homogeneous and closely related to communication (comprehension and expression) and social cognition items (social interaction, problem-solving and memory) (Figure 1, all path coefficients ≥ 0.97).The results of this study highlight the need for motor and cognitive rehabilitation interventions to improve physical disability, quality of life and cognitive impairments in TBI patients. Totally, ceiling effects were observed in FIM total score and subscales; therefore, should be considered for rehabilitation targets. In addition, fit indices for the FIM two-factor model in CFA was not found in ideal criteria. However, during a modificational-exploratory process, the optimized two-factor model for Iranian patients with TBI was introduced. Although the two-dimensional measure-ment of motor and cognitive independence/disability in rehabilitation and outcome by FIM is common, in the meantime, considering a rival model of three-factor can be recommended for patients with TBI.It must be noted that the results are not generalizable to patients with chronic phase TBI. Also, it should be cau-tioned in clinical decision making and interpreting the FIM results for subacute phase TBI, especially on items that have a ceiling effect. It can be suggested that this tool be used in future research for assessment of physical and cognitive rehabilitation effects in TBI patients in particu-lar on chronic phase to reevaluate the applicability and its ceiling and floor effects.
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